To find candidate native phytoseiid species for the control of the pink citrus rust mite, Aculops pelekassi, the development and oviposition of six phytoseiid species, Amblyseius eharai, Euseius sojaensis, Neoseiulus californicus, Neoseiulus womersleyi, Phytoseius nipponicus and Typhlodromus vulgaris, reared on A. pelekassi were compared at 25℃, 16L: 8D. P. nipponicus was able to utilize A. pelekassi as food and almost all larvae developed into adults and most of the females oviposited well. However, A. pelekassi was inadequate food for the other phytoseiid species. Thus, P. nipponicus is expected to be a prospective candidate phytoseiid species for the control of A. pelekassi, if the method for the establishment of P. nipponicus populations on citrus trees will be developed.
INTRODUCTION
The pink citrus rust mite, Aculops pelekassi (Keifer), is widely distributed in most citrusgrowing areas of the world (McCoy, 1996) . In Japan, it is distributed in western Honshu, Shikoku, and Kyushu (Ashihara et al., 2004; Seki, 1975) . Although the body size of A. pelekassi is extremely small, ranging from 0.15 mm to 0.17 mm, this species is one of serious pests on citrus. A. pelekassi feeds on leaves, green twigs, and fruits. In particular, extensive feeding by this rust mite on fruits from September to October results in bronzing injury to the skin and associated loss in fruit quality and yield (McCoy, 1996; Seki, 1975) . Because citrus fruits are produced mainly for the fresh market in Japan, bronzing injury on the fruit skin is a serious problem for citrus production in which there is a strong demand high cosmetic quality (Ashihara et al., 2004; Seki, 1975) . Before the 1980's, it was unnecessary to pay special attention to A. pelekassi in Japan, because the heavy application of dithiocarbamate fungicides against melanose simultaneously controlled rust mite populations (Ashihara et al., 2004) . However, after the establishment of dithiocarbamate-resistant populations in the early 1990's, A. pelekassi has often caused outbreaks and severe damage to citrus fruits. Consequently, citrus farmers need to spray one or two more applications of acaricides against A. pelekassi per year (Ashihara et al., 2004) . Therefore, methods for the biological control of A. pelekassi are of major interest to reduce the cost of acaricide applications. Conservation and augmentation of indigenous natural enemies that occur in and around orchards are key elements for biological control programs on fruit trees (Maos et al., 2014; Van Leeuwen et al., 2010) .
Ninety-five phytoseiid mite species have been reported in Japan (Amano et al., 2011; Ehara and Gotoh, 2009; Ohno et al., 2012; . Some of these predators are considered as prospective biological control agents for tiny pests, including eriophyoid mites. On peach, indigenous phytoseiid species Amblyseius eharai Amitai and Swirski and Euseius sojaensis (Ehara) are effective in suppressing peach silver mite, Aculus fockeui (Nalepa et Trouessart) (Kondo and Hiramatsu, 1999a, b) . However, information on natural enemies of A. pelekassi on citrus is limited to a preliminary study (Ashihara et al., 2004) . In this study, to find candidate phytoseiid species for the control of A. pelekassi, I compared the development and oviposition of six native phytoseiid species reared on A. pelekassi: A. eharai, E. sojaensis, Neoseiulus californicus (McGregor), Neoseiulus womersleyi (Schicha), Phytoseius nipponicus Ehara and Typhlodromus vulgaris Ehara. A. eharai and N. californicus are dominant species in citrus orchards in Japan (Katayama et al., 2006; Kishimoto et al., 2007; Miyashita et al., 2014; Miyazaki et al. 2012) . The other species are often abundant on other fruits trees and vegetation surrounding fruit orchards (see Kishimoto et al., 2014) .
MATERIALS AND METHODS

Mites
The collection records of the six native phytoseiid species used in this study were described in Kishimoto et al. (2014) . N. californicus and N. womersleyi were reared on bean leaf (Phaseolus vulgaris L.) discs with sufficient prey, Tetranychus urticae Koch, and the four other species were reared on the artificial arenas with tea pollen (Kishimoto, 2005) in the laboratory at 20℃, 16L: 8D and 70-80% RH, as described in Kishimoto et al. (2014) .
A. pelekassi were collected from fruits of Satsuma mandarin (Citrus unshu Marc) at the Citrus Research Division, Kuchinotsu, NARO Institute of Fruit Tree Science (N32°35' 43", E130°10' 48"), Nagasaki, in October 2007. They were reared on seedlings of Kawano-natsudaidai (Citrus natsudaidai Hayata) at 25℃, 16L: 8D and 70-80% RH.
Development and oviposition of phytoseiid mites reared on A. pelekassi Rearing units
To examine the development and oviposition of each phytoseiid species reared on A. pelekassi, I used "sealed" leaf discs (Fig. 1) to prevent the phytoseiid mites from escaping. The "sealed" leaf disc was prepared as follows: a Satsuma mandarin leaf (ca. 2 cm × 2 cm) was placed on agar gel (1%) including a small amount of Crystal Violet in a petri dish (9 cm diameter and 1.4 cm depth). A piece of seedling of Kawano-natsudaidai with A. pelekassi (>100 adults) from the stock culture was introduced onto the Satsuma mandarin leaf disc. After the A. pelekassi adults moved to the Satsuma mandarin leaf disc, the piece of seedlings of Kawano-natsudaidai was removed. Then, the leaf disc was covered with a rubber seal (25 mm inner diameter and 2 mm height) sealed on the top with a piece of membrane with many pores (8 μm diameter) (Fig. 1) . The membrane was cut out from the cell culture insert, BD Biosciences 353093 Translucent Inserts (Becton, Dickinson and Company, NJ, USA).
Development
Thirty adult females of each phytoseiid species were removed from the respective stock culture and allowed to oviposit for 8 h at 25℃ on bean leaf discs with sufficient T. urticae (for N. californicus and N. womersleyi) or with tea pollen and five pieces of 1 cm × 1 cm cotton gauze (for the other four species) (see Kishimoto et al., 2014) . Eggs of each species were transferred individually to the "sealed" Satsuma mandarin leaf disc with A. pelekassi as described above. The leaf discs were placed in plastic containers (30 cm × 20 cm × 6 cm). Then, the plastic 
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Predator of Aculops pelekassi containers were placed in the laboratory at 25℃, 16L: 8D and 70-80% RH. Survival and developmental stage were checked every 8 h throughout the immature development stage. The leaf discs were replaced with new ones every other day.
Oviposition I transferred deutonymphs of each species individually to "sealed" Satsuma mandarin leaf disc with A. pelekassi, and added two adult males from the stock culture to allow mating. The rearing units were placed at 25℃, 16L: 8D and 70-80% RH, as described above. After adult emergence, observations were made every 8 h to determine the length of the preoviposition period and every 24 h to count the numbers of eggs deposited for 10 days.
Statistical analysis
I compared the mean length of immature development and preoviposition period and the mean number of eggs deposited with data for tea pollen taken from Kishimoto et al. (2014) , which was a favorable food for the six phytoseiid species. Data were analyzed using the Mann-Whitney U test. Statistical analyses were conducted using Stat View-J version 5.0 (SAS Institute, 1998).
RESULTS AND DISCUSSION
In P. nipponicus, almost all the larvae developed into adults and most of the females oviposited when they were reared on A. pelekassi (Table 1) . Although the length of the developmental period and the preoviposition period were significantly longer than those reared on tea pollen, there was no significant difference in the numbers of eggs deposited (Table 1) . These results suggested that P. nipponicus could utilize A. pelekassi as food for development and reproduction. On the other hand, A. pelekassi was quite inferior to tea pollen as food for A. eharai, N. californicus, E. sojaensis and T. vulgaris: the percentage of larvae that developed into adults was lower than 30% and the number of eggs deposited was extremely low (Table 1 ). In addition, N. womersleyi could not utilize A. pelekassi as food: no larvae developed into adults and no females oviposited (Table 1) .
Although eriophyoid mites have long been recognized as prey of phytoseiid mites, some species are reported to be inadequate food for the survival and reproduction of a considerable number of phytoseiid species (Sabelis, 1996) . For A. pelekassi, Ashihara et al. (2004) showed that juveniles of A. eharai and N. womersleyi could not utilize it as food for development. The present study showed that P. nipponicus could utilize A. pelekassi as food for development and reproduction, but A. pelekassi was inadequate food for the other species, including A. eharai and N. californicus, which are dominant species in citrus orchards in Japan (Katayama et al., 2006; Kishimoto et al., 2007; Miyashita et al., 2014; Miyazaki et al., 2012) . This result suggests that the conservation of A. eharai or N. californicus on citrus is ineffective for the control of A. pelekassi.
This study suggests that P. nipponicus may have an ability to control A. pelekassi. On the other hand, P. nipponicus has not been recorded on citrus (Katayama et al., 2006; Kishimoto et al., 2007; Miyashita et al., 2014; Miyazaki et al., 2012) . Therefore, for the utilization of P. nipponicus, it should be necessary to develop methods for establishment and maintaining P. 5.67 (1) 3.56 ± 0.14 (6) 16.7 (12) 9.00 ± 0.33 (2) 0.25 ± 0.18 (12) Tea pollen 97.8 (46) 3.17 ± 0.09 (18) 2.86 ± 0.09 (27) 88.2 (17) 1.87 ± 0.10 (15) 17.29 ± 1.80 (17) E. sojaensis A. pelekassi (12) 3.76 ± 0.72 (7) 1.33 ± 0.72 (12) Tea pollen 
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Predator of Aculops pelekassi nipponicus populations on citrus trees and/or in citrus orchard, such as introduction of habitat plants and provision of alternative foods. Although P. nipponicus has been collected from Hokkaido to Kyushu including citrus-growing areas (Toyoshima et al., 2013) , the information of basic biological characteristics of this species is limited (Gotoh et al., 2007; Kishimoto et al., 2014; Sudo et al., 2010; Toyoshima et al., 2008) . Thus, as the next step, further studies are needed to accumulate more detailed data on the habitat plants and alternative foods of P. nipponicus.
